Uses and effects of prescribed burning in uneven-aged stand management of ponderosa pine/Douglas-fir forests in western Montana by Kalabokidis, Konstadinos D.
University of Montana 
ScholarWorks at University of Montana 
Graduate Student Theses, Dissertations, & 
Professional Papers Graduate School 
1985 
Uses and effects of prescribed burning in uneven-aged stand 
management of ponderosa pine/Douglas-fir forests in western 
Montana 
Konstadinos D. Kalabokidis 
The University of Montana 
Follow this and additional works at: https://scholarworks.umt.edu/etd 
Let us know how access to this document benefits you. 
Recommended Citation 
Kalabokidis, Konstadinos D., "Uses and effects of prescribed burning in uneven-aged stand management 
of ponderosa pine/Douglas-fir forests in western Montana" (1985). Graduate Student Theses, 
Dissertations, & Professional Papers. 3984. 
https://scholarworks.umt.edu/etd/3984 
This Thesis is brought to you for free and open access by the Graduate School at ScholarWorks at University of 
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an 
authorized administrator of ScholarWorks at University of Montana. For more information, please contact 
scholarworks@mso.umt.edu. 
COPYRIGHT ACT OF 1976 
THIS IS AN UNPUBLISHED MANUSCRIPT IN WHICH COPYRIGHT SUB­
SISTS, ANY FURTHER REPRINTING OF ITS CONTENTS MUST BE APPROVED 
BY THE AUTHOR. 
MANSFIELD LIBRARY 
UNIVERSITY OF MONTANA 
DATE : 1 9  8  5  

USES AMD EFFECTS OF PRESCRIBED BURNING IN UNEVEN-AGED STAND MANAGEMENT 
OF PONDEROSA PINE/DOUGLAS-FIR FORESTS IN WESTERN MONTANA 
by 
Konstadinos D. Kalabokidis 
B.S., Aristotelian University of Thessaloniki, Greece, 1981 
Presented in Partial Fulfillment of the Requirements for the Degree of 
Master of Science 
UNIVERSITY OF MONTANA 
1985 
Approved by: 
Chairman, Board of Examiners 
Dean, Graduate ScficfGl f 
Date 
A?. //ofS-S' 
7 7 
UMI Number: EP36554 
All rights reserved 
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted. 
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed, 
a note will indicate the deletion. 
UMT 
Publishing 
UMI EP36554 
Published by ProQuest LLC (2012). Copyright in the Dissertation held by the Author. 
Microform Edition © ProQuest LLC. 
All rights reserved. This work is protected against 
unauthorized copying under Title 17, United States Code 
ProQuest LLC. 
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346 
Kalabokidis, Konstadinos D., M.S., November 1985 Forestry 
Uses and Effects of Prescribed Burning in Uneven-aged Stand 
Management of Ponderosa Pine/Douglas-fir Forests in Western 
Montana (60 pp.) 
The purpose of this study was to examine the effects of low 
intensity prescribed fires on wildfire hazard reduction, site 
preparation, and tree mortality of uneven-aged managed ponderosa 
pine/Douglas-fir (Plnus ponderosa/PseudotsuRa menziesll) forests. 
The study also provided the opportunity to determine the effects 
of uneven-aged silviculture on fire hazards. Burning followed the 
individual-tree selection cutting and full-tree utilization of an 
uneven-aged silvicultural prescription, which was developed for 
two stands in western Montana. Two treated units and one control 
unit (untreated) were used for intensive study in each of the two 
stands. Fuel and vegetation measurements were sampled prior to 
and after the treatments. 
Prescribed burning following the full-tree utilization proved to 
have no usefulness on fire hazard reduction. Uneven-aged cutting 
without any fuel management treatment showed substantial fire 
behavior potential, far beyond the control limit of direct attack 
methods. 
Residual duff depth was not significantly different between the 
burned and the unburned treatment units. Mineral soil exposure of 
the burned unit was significantly greater than the unburned unit 
in only one of the study stands. Removal of the litter fuels was 
significantly greater in the burned units, contributing to a 
receptive seedbed for natural regeneration of shade-intolerant 
tree species. 
Fire succeeded in eliminating Douglas-fir regeneration. Losses 
of ponderosa pine seedlings were substantial, but a few saplings 
and seedlings did survive the fire. Fire also killed 6.5 to 8.8 
percent of the overstory trees (over 3 » in height). Overstory 
mortality was statistically significant, but this mortality was 
confined to smaller trees (less than 12 cm in d.b.h.). 
Guidelines are offered for a safe and effective prescribed 
burning under standing timber in ponderosa pine stands. 
Director: Dr. Ronald H. Wakimoto 
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Thank God it's still all Greek to me... 
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INTRODUCTION 
The Douglas-fir (Pseudotsuga menzlesii [Mirb.] Franco) forest zone 
is a major component of the northern Rocky Mountains vegetation, 
occurring at elevations ranging between 900 and 1500 meters (Habeck and 
Mutch 1973)• Ponderosa pine (Pinus ponderosa Laws.) is a major serai 
species on the warmer, drier aspects of this forest zone, in a series of 
habitat types in which Douglas-fir or grand fir (Abies grandis [Dougl.] 
Lindl.) are the potential climax species (Pfister et al. 1977). Western 
larch (Larix occidentalis Nutt.) is found on the cooler, more mesic 
northern aspects within the Douglas-fir zone (Habeck and Mutch 1973)* 
Douglas-fir is the most shade-tolerant species in this group, whereas 
western larch is intolerant. Ponderosa pine is intermediate in 
tolerance, demanding mineral soil and abundant overhead light for 
natural regeneration. 
Even-aged silvicultural systems, associated with mechanical 
scarification or burning have been a common practice in managing 
ponderosa pine/Douglas-fir forests in western Montana. Forest managers 
are reluctant to apply uneven-aged silviculture because of undesirable 
changes in species composition, difficulty in regulating the harvest, 
and a general lack of information on the subject (Baton 1985). 
In addition, prescribed understory burning in ponderosa pine/ 
Douglas-fir forests has been limited in extent and is often done for a 
single purpose such as fire hazard reduction or range improvement. 
Ecological studies and observations suggest that understory burning in 
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these forests could help achieve several multiple-use management 
objectives (Arno and Brown 1984). The main reason for limited fire use 
seems to be a lack of information on the benefits derived from 
prescribed burning and how burning could be successfully accomplished. 
In general, there is a lack of quantitative results in the 
literature documenting the use of prescribed fire and its effects on 
uneven-aged stand management of ponderosa pine/Douglas-fir forests. 
Objectives 
The purpose of this study was to examine the usefulness of 
broadcast understory burning in association with uneven-aged 
silviculture. The specific research objectives were to: 
1. Determine effects of uneven-aged silviculture on wildfire 
hazards. 
2. Determine the usefulness of prescribed understory burning for 
hazard reduction in uneven-aged managed stands. 
3. Determine the effectiveness of selection systems and understory 
burning in preparing seedbeds for natural regeneration of ponderosa 
pine, western larch and associated species. 
4. Determine the effectiveness of understory burning for killing 
unwanted residual understory species (Douglas-fir) without damaging the 
large overstory species (ponderosa pine and western larch). 
5. Document the characteristics of the prescribed fires and 
develop interpretations for future uses of fire for similar purposes. 
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LITERATURE REVIEW 
Historical evidence indicates that ponderosa pine forests, 
regardless of whether they were serai or climax, were adapted to a 
regime of periodic natural non-destructive fires (Arno 1976, Habeck 
and Mutch 1973* Lotan et al. 1981). 
Frequency of natural fires in ponderosa pine varied considerably 
depending on the regional area and site. In the Bitterroot Valley of 
western Montana, fire-free intervals averaged from 6 to 12 years for 
climax ponderosa pine and 13 to 26 years for ponderosa pine that was 
serai to Douglas-fir (Arno 1980). Houston (1973) estimated the near 
fire-free interval to be 22 years for serai communities of ponderosa 
pine in the northern Yellowstone National Park. These frequent low 
intensity surface fires prevented accumulations of dead fuels, 
eliminated thickets of shade-tolerant species, and reduced stocking of 
the ponderosa pine forests. 
Since the early 1900's, fire exclusion policy has significantly 
altered the natural fire and vegetative trends in ponderosa pine 
communities. Present ponderosa pine forests are heavily stocked with 
stagnant sapling thickets or undergoing a species conversion to slower 
growing tolerants (Weaver 1974). At the same time, excessive live and 
dead fuel buildups increase the probability and occurrence of stand 
destroying crown fires. 
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Since natural fire has often been shown to be beneficial, 
prescribed fire can likewise be an effective tool in ponderosa pine 
management. Successful prescribed burns not only have shown the 
potential to reduce stocking of ponderosa pine stands, allow crop trees 
to increase in diameter, and eliminate thickets, but also to reduce 
wildfire hazards and prepare seedbeds (Wright 1978). 
FIRE HAZARD REDUCTION. Hazards are created by forest fuel 
accumulations over time. One of the most obvious uses of prescribed 
burning is to reduce these fuel accumulations and alter the vertical 
fuel continuity. Under adverse weather conditions, dead fuel and live 
understory vegetation can result in destructive wildfires. Reduction of 
the fuels under moderate burning conditions substantially reduces fire 
behavior potential for a time (Martin and Dell 1978). 
Dead fuel buildups in the form of natural and activity fuel, and 
the growth of understory vegetation contribute to fuel loadings and fire 
behavior potential. Live fuel adds to the vertical continuity of fuel 
and increases the potential for crown fires. However, not all fuel 
components support combustion at the flaming front under specific 
burning conditions. The amount of fuel that is available for combustion 
depends on such factors as fuel size, moisture content, and arrangement 
(Brown and Davis 1973)* In most forest fires, some fuel is unavailable 
for combustion (Brown 1984); for example, the small diameter fuel is 
more available for combustion than large fuels during typical spring 
conditions, or fine fuels (less than 2.5 cm in diameter) control fire 
behavior at any time. Therefore, available fuel is always targeted for 
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reduction in prescribed burning. 
The use of fire to reduce fire hazards in ponderosa pine forests is 
fairly documented. Forty years ago, Weaver (1943) described the 
benefits in hazard reduction from prescribed burning in ponderosa pine 
communities. Biswell et al. (1973) and Weaver (1957a, 1957b) observed 
situations where severe wildfires were easily controlled and caused 
remarkably little damage once those fires entered prescribed burned 
areas a few years earlier. 
Prescribed burning was used by van Wagtendonk (1974) to evaluate 
the effects of fire on four ecosystems of Yosemite National Park 
dominated by an overstory of ponderosa pine. Burning conditions were 
set by four fuel stick moisture levels ranging from 9 to 20 percent. 
Reductions of fine fuels (less than 2.5 cm) ranged from 19 to 100 
percent in the fresh needle layer. 
Sackett (1980) reported fuel reduction by two fall prescribed burns 
in natural ponderosa pine fuels in Arizona. The first one was conducted 
under dry conditions and had a rate of spread of 1.5 m/min. Flame 
lengths in litter fuels seldom exceeded 0.4 m. The fire consumed 40 
percent of fuel less than 2.5 cm and 54 percent of fuel between 2.5 and 
7.6 cm. 
The second burn (Sackett 1980), under wetter burning conditions, 
reduced fine fuel by 44 percent and larger fuel (2.5-7.6 cm) by 45 
percent. Both of these fires reduced aerial ladder fuel and temporarily 
lessened the threat of rapidly spreading wildfires. 
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SITE PREPARATION. Prescribed burning can be used to accomplish 
site preparation in several ways. It is aimed at reducing slash 
accumulations on recently cut areas, removing heavy forest floor duff, 
and preparing a receptive seedbed for natural regeneration. 
Hypothetically, prescribed understory burning in partially cut 
ponderosa pine would promote ponderosa pine natural regeneration (Arno 
and Brown 1984, Wright 1978). The objective is to reduce the duff layer 
and expose mineral soil. A bare mineral soil seedbed provides seeds and 
seedlings with more moisture, nutrients, and sunlight by reducing 
competing vegetation and by eliminating the dry, dense litter-duff layer 
(Foiles and Curtis 1973)* 
Removal of the organic layer is necessary because the litter and 
duff, having a lower thermal conductivity and volumetric heat capacity 
than mineral soil, raise daytime and lower nighttime temperatures at the 
litter-air interface (Cochran 1970). Furthermore, pine needles compact 
poorly and dry rapidly, allowing little moisture for seedling survival 
(Biswell 1973). 
The consumption of duff is directly related to the energy released 
by a fire, which in turn is related to the amount of surface fuel and 
its moisture content (Hillhouse and Potts 1982). While prescribed fire 
studies have been inconclusive about the influence of surface fuels in 
duff consumption (Brown 1984), duff moisture content (particulary that 
of the lower one-half) appears to be an important determinant of duff 
consumption (Norum 1977, Sandberg 1980, Van Wagner 1972). 
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There is a critical moisture value, near 30 percent, below which 
duff burns independently of surface fuels, so most duff can be consumed 
if ignited. On the other hand, minimal combustion occurs in any duff 
layer exceeding about 120 percent moisture content. Between these 
levels, duff burns under the influence of duff moisture content and heat 
from surface fire. 
In the analysis of duff reduction on broadcast burns in a study of 
undisturbed fuels Norum (1977) reported that duff is removed in an 
essentially uniform layer from the top on down. However, duff appears 
to be consumed by a smoldering fire laterally and sometimes in an 
erratic pattern. It may burn out totally in some spots and not in 
others (Brown 1984). 
Sandberg (1980) developed a duff burnout theory based on a series 
of underburning experiments in partial cuttings of Douglas-fir in 
western Washington and Oregon. He concluded that surface fire duration 
was more important than fuel consumption in explaining duff reduction. 
Fire duration was successfully estimated from the reduction in diameter 
of surface fuels. According to Sandberg*s theory, duff reduction is 
proportional to the square root of fuel diameter reduction. 
Consumption of large woody fuels (greater than 7.6-cm diameter) 
depends primarily on their moisture content, degree of rot, and 
arrangement (Brown et al. 1985). Sandberg and Ottmar (1983)* in 
cable-yarded logging debris, reported that piece arrangement, species 
composition, or age of slash must influence consumption of individual 
7 
fuel elements but did not dominate unit-average large fuel consumption. 
They developed equations for estimating large fuel consumption as a 
function of fuel moisture content. 
Recently, Brown et al. (1985) furnished relationships for 
predicting consumption of forest floor duff and downed woody fuel. 
Lower duff moisture content was the best predictor for duff depth 
reduction, percentage duff depth reduction, and percentage mineral soil 
exposure. Consumption of downed woody fuel correlated positively with 
preburn fuel loadings. 
TREE MORTALITY FROM FIRE. Fire damages trees by heating roots, 
bole cambium, or crowns to lethal temperatures. Lethal temperatures for 
plant tissues vary with the duration of exposure (Ryan 1982a). Most 
studies have shown that needles and seedling stems will withstand 50° C 
for almost an hour but will succumb to temperatures of 60° C in about 
one minute or 70° C in a second (Martin and Dell 1978). Dormant tissues 
will generally withstand a longer exposure to high temperatures (85° C 
for over 10 minutes) than will active tissues (Martin and Dell 1978). 
The generally accepted lethal temperature of vital tissues is 60° C 
(Wright and Bailey 1982). 
The resistance of trees to fire varies greatly among species and 
within species, depending on tree size and physiological condition, site 
quality, and season of burning (Ryan 1985). 
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Tall trees with clear boles, large diameters, and thick bark are 
more apt to survive a fire than small trees with thin bark. The cambium 
and roots must be adequately insulated by bark and unburned duff or soil 
in order to survive. The potential for damage is proportional to the 
squared thickness of the insulating layer (Ryan 1982b). Also, as vigor 
and site productivity increase, trees are more likely to survive light 
to moderate fire damage. 
The time of the year in which the fire occurs is very important. 
Fires that occur in the spring, when shoots are actively growing and 
carbohydrate reserves are low, are more likely to result in crown damage 
and mortality than a fire of the same intensity in the autumn. In 
addition, trees injured by fire in the spring and summer may be 
subjected to insect attacks, especially bark beetles (Dendroctonus spp. 
and Ips spp.), before they have time to recover (Martin and Dell 1978, 
Ryan 1982b, 1985). However, spring fires reduce the potential for root 
damage because of higher soil and duff moisture. 
For ponderosa pine, crown scorch rather than damage to the cambium 
near the ground is the principal cause of mortality following fire 
(Wakimoto 1984). Cambial damage to the lower trunk is by comparison a 
minor consideration. In general, percent of crown scorch and bud 
killing are more important than scorch height and foliage killing, 
respectively, for evaluating crown damage (Ryan 1985). 
Flint (1925) rated the fire-resistance of the major tree species in 
the northern Rocky Mountains and Martin et al. (1979) republished the 
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rating. Ponderosa pine is more fire resistant throughout its life than 
most associated tree species because of deep root system, thick buds 
(low surface-to-volume ratio), high open crown, and thick bark of older 
trees. Even some seedlings 0.5 m in height survive light fires, 
although most are killed (Martin and Dell 1978). 
Associated species of ponderosa pine such as Douglas-fir and 
western larch are also fire resistant because of the thick bark on older 
trees. However, they are considerably less fire tolerant than ponderosa 
pine in the sapling and pole-size classes. Douglas-fir is very 
sensitive to crown scorching, and fine twigs and buds are readily killed 
by excessive heat (Martin and Dell 1978). 
As a result of this differential fire resistance of tree species, 
use of prescribed fire is well-suited in ponderosa pine/Douglas-fir 
forests if the management objective is to eliminate or reduce Douglas-
fir and favor ponderosa pine and western larch. 
In conclusion, today there is a significant amount of fire effects 
and fire planning information published (Brown et al. 1985, Lotan et 
al. 1981, Martin and Dell 1978, Martin et al. 1979, Rothermel 1983, van 
Wagtendonk 1974), resulting in considerable refinements in fire 
prescription and application. However, there is still a need for 
documentation of fire prescriptions under a variety of conditions if we 
expect to see prescribed burning adopted on a large operational scale. 
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METHODS 
Study Area 
The study Has conducted on two sites in western Montana (Figure 1) 
during the summer and fall of 1984. The first one is located on the 
University of Montana Lubrecht Experimental Forest in the NE quarter of 
Section 15, T13N, R15W. The second study site is located on a Champion 
Timberlands area in the east half of Section 15, T14N, R14tf. 
The climate on the study sites is typical of the lesser mountain 
ranges of western Montana. Snow covers the area from November through 
April to an average maximum depth of 39 cm. Total annual precipitation 
at Lubrecht Headquarters is 455 mm with most of it falling as snow. 
Average annual temperature is 4° C, but summers are hot and dry with 
temperatures ranging from -5 to 40° C. 
The weather in autumn is generally drier than in spring. As a 
rule, a short period of rain in the latter part of August or the early 
part of September is followed by a period of warm, clear days and cold 
nights. Forest fuels have thoroughly dried during the summer and have 
been only temporarily wetted by the first fall rains. They are usually 
dry enough for almost a month-long burning period. 
LUBRECHT. The Lubrecht site is a 7-hectare mixed stand of 
ponderosa pine, Douglas-fir, western larch, and lodgepole pine. Basal 
area averaged 24 m2/ha for all trees. Habitat types, as described by 
Pfister et al. (1977), are predominantly PSME/VACA (45>) and PSME/SYAL 
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M O N T A N A  
Figure 1. Study area's location in Montana, USA. 
12 
(40%), with lesser amounts of PSME/LIBO (15%). 
The area has experienced at least four major fires between the 
1800's and early 1900's, as indicated by multiple fire scars. With the 
absence of fire in the last sixty years a dense, overstocked understory 
of Douglas-fir has developed, creating a multi-storied stand suffering 
from spruce budworm (Chorlstoneura occidentalis Freeman) activity. The 
elevation is 1,250 meters and the exposures are primarily southwest. 
Slopes range from 5 to 30 percent. 
Downed, woody fuel with diameters between 0 and 7.6 cm averaged 
4.49 metric tons per hectare. The litter layer (01 horizon) consisted 
of newly fallen needles, bark, cone parts and dead grass. Litter layer 
biomass averaged 4.72 metric tons per hectare. The average depth of the 
forest floor duff (02 horizon) was 3*39 cm; and most of it was 
undisturbed with only 1.5 percent average mineral soil exposure. 
CHAMPION. The Champion study site is a 5-hectare area of gently 
rolling terrain, at an elevation of 1,220 meters. The stand is 
dominated by an overstory of ponderosa pine maintained in an open 
park-like condition through frequent periodic fires. Douglas-fir, 
western larch and lodgepole pine were minor components in the stand. 
The site is predominantly PSME/CARU habitat type (71%) with lesser 
amounts of PSME/VACA h.t. (13%), PSME/SYAL h.t. (11%), and PSME/FESC 
h.t. (5%). The pretreatment average total basal area of standing trees 
was 23 m2/ha. 
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The forest floor fuels were mostly needles, with naturally fallen 
woody material, including scattered downed logs. The loading of small 
diameter woody fuel (0-7.6 cm) was 2.85 metric tons per hectare, and the 
litter layer averaged 4.17 metric tons per hectare. The duff consisted 
of materials in varying states of decomposition and averaged 3.60 cm in 
depth. Some mineral soil was exposed prior to the treatment, but it was 
minimal (1.6 percent). 
Three treatment units of 1 to 3 hectares in size were selected for 
intensive study in each of the two areas. The uneven-aged silvicultural 
prescription was applied to two units on each area. The prescription 
involved individual-tree selection cutting and two fuel management 
treatments. The logging and postharvest fuel treatments were as 
follows: 
TREATMENT UNIT AREA (hectares) TREATMENT 
Experimental Design and Treatments 
Lubrecht Champion 
Unit I (CONTROL) 2.1 1.0 None 
Unit II (UNBURNED) 3.2 1.8 Individual-tree selection; 
full-tree utilization of the 
nonmerchantable material 
(small trees, logs, and tops); 
Unit III (BURNED) 2.1 1.8 Same as Unit II; prescribed 
underburning. 
The basic harvest prescription called for: 
favoring ponderosa pine, western larch, and lodgepole pine 
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discriminating against Douglas-fir 
- residual basal area of 14 m2/ha 
- a q value (ratio for the number of trees in a d.b.h. class to the 
number in the next higher diameter class) of 1.4 
- merchantability minimums for logs of 15-centimeter top at 10 meters. 
Harvesting of trees less than 40 cm in d.b.h. was accomplished 
using a feller-buncher and two farm tractors with grapple systems. 
Trees greater than 40 cm were felled by chain saws, and were yarded 
using a rubber-tired grapple skidder. Average volumes of logs harvested 
from the treated units were 32 and 42 m3/ha in LUBRECHT and CHAMPION, 
respectively. Nonmerchantable trees and logs, and tops were chipped and 
removed from the sites. 
Data Collection 
Prior to the treatments, the centers of thirty permanently marked 
plots were laid out in each unit with random location selection from a 
20x20 m grid. These plot centers were used as the basis for the fuel 
and vegetation sample plots described below (Figure 2). Fuel and 
vegetation measurements were sampled prior to and after the treatments. 
FUEL. The inventory of downed woody material was based on the 
planar intersect technique (Brown 1974, Brown et al. 1982), which has 
the same theoretical basis as the line intersect technique (Van Wagner 
1968). The planar intersect technique involves counting intersections 
of woody pieces with imaginary vertical sampling planes, dropped through 
the downed debris. 
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A 18.3 rn 
t 
L E G E N D  
2.07 • fuel bed depths 
— duff depths 
x duff spikes 
M 
•= 
litter subplots 2.01 
M 
2.07 m 
12 m 
0.3 
plot center 
13.5 rn 
understory trees and 
ground char macroplot 
Figure 2. Sample plot layout (modified from Brown et al. 1982). 
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The position of the sampling plane was denoted by running a 
nonmetallic tape out from the sampling plot center parallel to the 
ground in a random direction, which had been selected previously. 
Sampling planes were permanently marked. Woody pieces less than 7.6 cm 
in diameter were tallied by three diameter classes, and sampling plane 
lengths as follows: 
Woody pieces larger than 7.6 cm in diameter were recorded by their 
diameters (separately for sound and rotten pieces) to the nearest cm. 
A 18.30-meter sampling plane was used for these larger pieces. Rotten 
material included pieces that showed rot visibly on the outside. 
The diameter classes were chosen for tallying intersections because 
they permit precise estimates of volume and they correspond to the 
standard moisture timelags used in the National Fire-Danger Rating 
System (Deeming et al. 1977). These standards are 1-, 10-, 100-, and 
1,000-hour average moisture timelag classes for downed woody materials. 
The planar intersect method estimated volumes that were converted 
to weights by applying the following estimates of fuel particle density 
(Brown 1974): 
0 to 0.6 cm 
0.6 to 2.5 cm 
2.5 to 7.6 cm 
2.07 meters 
2.07 meters 
18.30 meters 
FUEL DENSITY (gr/cm3) 
1-hour TL 
10-hour TL 
100-hour TL 
1000-hour TL 
Sound 
Rotten 
0.48 
0.48 
0.40 
0.40 
0.30 
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In every sample plot fuel bed depth (high intercept) Has measured 
to the nearest 0.5 cm, at three points along the fuel transect. Plot 
measurements were averaged and one fuel bed depth was calculated for 
each plot. 
Litter is the 01 horizon or L layer of the forest floor and 
includes freshly fallen leaves, needles, bark flakes, cone scales, 
fruits, dead matted grass, and a variety of miscellaneous vegetative 
parts. Sampling for litter weight was done on the right half of four 
20x50 cm subplots clustered at each sample plot. Litter weight was 
determined using procedures described by Brown et al. (1982), and one 
average litter weight was then calculated for each sample plot. Since 
sampling for litter weight is destructive, the "before" subplots were 
reconstituted so as not to affect fire behavior. 
Duff is the 02 horizon or fermentation (F) and humus (H) layer of 
the forest floor. It consisted of moss and litter materials in varying 
states of decomposition. Duff depths were measured (to the nearest 0.5 
cm): t1] directly at two points along the woody fuel transect (Brown et 
al. 1982) in the CONTROL and UNBURNED units; and [2] by installing 
three steel spikes at each plot in the BURNED units. In the latter 
method, the spikes were driven into the soil until the heads were flush 
with the surface of preburn duff (Beaufait et al. 1977). After the 
burns, the exposed spike length and remaining duff depth were recorded. 
In this way, preburn duff depth and duff removed by fire were also 
calculated. Plot measurements were averaged and one duff depth value 
was used in the analysis. 
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Estimates of the percent exposed mineral soil were made on the 
2.07-m permanently marked segment of the woody fuel transect. In the 
study, mineral soil was defined as occurring when less than 1 cm of 
organic matter existed on the ground, since this amount of organic 
material is oxidized within a year (Brown 1984) and can be considered a 
mineral soil for germinating seedlings (DeByle 1981). 
Classification of fire severity was characterized on 13.5-m2 
circular macroplots (radius of 2.07 m) centered at the thirty permanent 
points, using procedures outlined by Ryan and Noste (1985). Four ground 
char classes were used, tallying the percentage of the circular 
macroplot being (Ryan and Noste 1985): 
[1] Unburned. The fire did not burn on the forest floor although some 
damage may have occurred to vegetation due to radiated or convected 
heat. 
[2] Lightly charred. Litter and duff layers were scorched or charred, 
but the duff was not altered over the entire depth. 
[3] Moderately charred. Litter was completely consumed and the duff was 
deeply charred or consumed, but the underlying mineral soil was not 
visibly altered. 
[4] Deeply charred. Litter and duff were completely consumed, and the 
top layer of mineral soil was visibly altered, often reddish. 
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VEGETATION. Understory density by species was measured on each 
13-5-a2 macroplot by counting stems in three height classes (0-0.3 m, 
0.3-0.9 m, and 0.9-3*0 m) and three diameter classes (0-2.5 cm, 2.5-5.0 
cm, and 5.0-7.5 cm). The same macroplots were remeasured one year after 
burning to determine understory mortality. 
Overstory tree mortality one year after the burns was determined by 
examining every tree over 3 meters high. Determination of fire-caused 
damage was based on personal judgment according to the following 
criteria (Ryan 1982a, 1982b, 1985): 
[1] crown scorch was the prime indicator of fire damage in conjunction 
with charred bole and/or roots for an individual tree 
[2] depth of char in the bark and cambium condition were checked when a 
supplementary indicator was needed. Live or dead cambium was 
supplemented a final decision 
C3] complete defoliation or crown scorch, dead terminal shoots, and 
blackish cast to the color of scorched foliage were generally signs of 
dead trees 
CM] trees with more than 60-7011 crown scorch and severe bark char were 
also classified dead, and 
[5] dead terminal and lateral buds on smaller trees (in which the buds 
could be examined) also indicated dead trees. 
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A 100-percent tally of all trees (live and dead) over 3 n in height 
was made and the number of dead trees was determined. The percentage of 
dead trees was then calculated and used in the analysis. 
Procedure for Objective One 
Cutting and whole-tree utilization took place concurrently. Thus, 
the actual amount of slash produced by the uneven-aged cutting was 
impossible to measure directly. In order to achieve objective one 
(effects of uneven-aged silviculture on fire hazards), the amount of 
slash that would have been produced by the logging operation without 
whole-tree utilization had to be estimated. 
Slash weights were predicted for total material less than 7.6 cm in 
diameter using the timber stand inventory, and tables developed by Brown 
et al. (1977) for some western U.S. conifers. The method estimated 
slash weight per tree by d.b.h. Individual-tree predictions were then 
added and total weight of small diameter woody fuel (0-7.6 cm) was 
calculated for each treated study site. 
Use of the BEHAVE System 
The BEHAVE fire behavior prediction and fuel modeling system is a 
series of interactive computer programs for estimating wildland fire 
potential under various fuels, weather, and topographic situations. It 
is designed to construct site-specific fuel models (Burgan and Rothermel 
1984). These fuel models can then be used for predicting fire behavior 
related variables. 
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A site-specific fire behavior fuel model was constructed for each 
study unit using the FUEL subsystem of BEHAVE. Post-treatment fuel 
loadings were used to build a total of six static models. In addition, 
four more static models were built using pretreatment fuel data and 
predicted slash weights (objective one) for both study sites. 
These ten fuel models were then run through the BURN subsystem of 
BEHAVE, and fire behavior potential was predicted. Fire behavior 
related variables (rate of spread, fireline intensity, and flame length) 
were predicted for fuel moisture and weather conditions representing 
typical western Montana midsummer situations: 
1-hour timelag fuel moisture 5 % 
10-hour timelag fuel moisture 7 % 
100-hour timelag fuel moisture 13 % 
Slope 30 % 
Midflame windspeed 0-20 Km/h 
Heather Measurements 
Weather data for the study were obtained from a standard weather 
station at Lubrecht Headquarters. This station is located approximately 
1.5 Km from the Lubrecht study site and 8 Km from the Champion site. 
Temperature and relative humidity were recorded continuously during the 
fire season on hygrothermographs. Rainfall was measured using a 
standard rain gauge. On site temperature, relative humidity, and wind 
measurements were made with a belt weather kit during the fires. 
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Burning Procedures 
Fuel moisture contents were measured just prior to burning. This 
involved collecting 5 sets of 1-hour TL woody fuel, 10-hour TL woody 
fuel, litter, and lower half of the duff samples within each burning 
unit. The sampled materials were subsequently transported in airtight 
containers to a field laboratory where they were weighed, dried for 24 
hours at 100° C, and then weighed again when completely dry (Norum 
1977). The resulting differences in moisture contents were expressed as 
a percentage of net ovendry weight. 
The summer of 1984 was dry and fire danger was rated high. During 
the 4-month fire season (June-September) rains totaled 120 mm as 
compared to the 26-year average of 140 mm for the Lubrecht Forest. The 
burning was done in the fall of 1984. The Lubrecht unit was burned on 
October 5, 1984 and the Champion one on October 6, 1984. Ten days 
before, a total of 22 mm of rain was recorded in the area. The burns 
were conducted between 1400 and 1800 hours on clear to partially cloudy, 
warm and dry days with low to moderate windspeeds. 
Control lines around the units were necessary to contain the fires 
within the unit. Full use was made of existing fuel barriers of roads 
and skid trails. However, limited handline construction was also 
necessary to surround the units. 
Ignition was accomplished using standard diesel-gas drip torches 
and followed a pattern from the downwind corner of the unit. First, a 
line was ignited at the downwind edge of unit and allowed to back into 
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the wind for almost 5 meters. Once this black line had been created, 
strip head fires, at 5-meter intervals, were used to cover the rest of 
the unit. A strip was allowed to burn to a low level of intensity 
before the next strip was ignited, in order to avoid fire interactions 
among successive strips. Sometimes, the strip width had to be adjusted 
to hold fire within the desired intensity. Major control problems did 
not occur during the burns. 
Statistical Analysis 
Initially, the study was designed to use the nested analysis of 
variance model. The treatments were intended to represent the highest 
level of classification (fixed effects). The two study sites 
(replicates) would have been the subordinate level (random effects) of 
this two-level ANOVA. However, the uniformity of the treatments in each 
study site was questioned because of: [1] the cooperative nature of the 
project (three studies were conducted concurrently in the same area); 
[2] some unintentional deviations from the initial study design during 
the logging operation in the Champion site. As a result, the two study 
sites were not replicates and had to be analyzed separately. 
The models used for analysis of each study site's data were the 
one-way analysis of variance model for the post-treatment fuel 
measurements (Table 1), and the two-way analysis of variance model for 
the prefire and postfire fuel measurements. 
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Table 1. One-way ANOVA for post-treatment fuel measurements (Model I). 
Source of variation df Fs Expected MS 
Among treatments a-1 MStreatm/MSwi thin Q*a+Sniaf /(a-1) 
Within treatments thj-a a* 
Null hypothesis Ho : ai= 02=...= aa 
Tukey's honestly significant difference (Tukey-HSD) method was used 
for multiple comparisons among means. 
The paired comparisons of prefire and post-fire fuel measurements 
were accomplished with two-way ANOVA without replication (Table 2) 
instead of the traditional paired comparisons t-test (Sokal and Rohlf 
1981). Two-way ANOVA was preferred because it had the advantage of 
providing a measure of the variance component among the plots (factor 
B). The "before and after treatment" represents the fixed treatment 
effects (factor A). 
Table 2. Two-way ANOVA for prefire and post-fire fuel measurements 
(Mixed model). 
Source of 
variation df Fs Expected MS 
Treatments a-1 MStreatm/MSerror a2 + b Za* /(a-1) 
Plots b-1 MSplots/MSerror ff2+ a /(b-1) 
Error (a-1)(b-1) a1 
Mortality of trees over 3 meters in height was tested using 
confidence intervals to determine if there was any statistically 
significant fire damage. Percentage of dead trees (P) was used as the 
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tested discrete variable. The sample percentage P is the relative 
frequency estimate for the probability of dead trees, based on a 
binomial sample. Similarly, the population percentage ir is the mean in 
the same binomial population. Therefore, a 95% confidence interval for 
the percentage is (Wonnacott and Wonnacott 1977): 
TT = P + 1.96 VP(1-P)/n 
where ir = population percentage of dead trees 
P = sample percentage of dead trees, and 
n = sample size 
The null and alternative hypotheses were: 
Ho : ir = 0 
Ha : if * 0 
All tests of significance were at the 5 percent level. 
26 
RESULTS AND DISCUSSION 
Fire Hazards 
OBJECTIVE ONE: effects of uneven-aged silviculture on fire hazards. 
The amount of slash less than 7.6 cm in diameter that would have been 
produced by the uneven-aged cutting without utilization, was 17.93 
metric tons/hectare for LUBRECHT and 17.37 metric tons/hectare for 
CHAMPION. The BEHAVE system projected the potential fire behavior for 
these amounts of slash. Predicted rates of spread, fireline 
intensities, and flame lengths are illustrated in Figures 3 to 5. 
Prior to logging, fire potential was at minimal levels. However, 
after cutting and without whole-tree utilization, predicted fire 
behavior reached levels where fires would present serious control 
problems. The predictions showed that rate of spread and flame length 
after logging would have been about 5 to 7 times greater than prior to 
logging for midflame windspeeds varying from 0 to 20 Kilometers per 
hour. Fireline intensity after logging was predicted to be about 35 to 
70 times greater for various midflame windspeeds (0-20 Km/h). 
Fireline intensity and flame length are probably the most useful 
characteristics of fire behavior for evaluating slash fuel hazard 
(Andrews and Rothermel 1982, Roussopoulos and Johnson 1975). Table 3 
shows fire suppression interpretations of flame length and fireline 
intensity modified from Andrews and Rothermel (1982). 
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Figure 3. Predicted rate of spread for logging residue, following 
the uneven-aged cutting and no fuel treatment. 
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Figure 4. Predicted fireline intensity for logging residue, 
following the uneven-aged cutting and no fuel treatment. 
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Figure 5. Predicted flame length for logging residue, following the 
uneven-aged cutting and no fuel treatment. 
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Table 3* Fire suppression interpretations of flame length and fireline 
intensity (converted to metric units from Andrews and Rothermel 
1982). 
FLAME LENGTH FIRELINE INTENSITY INTERPRETATIONS 
Meters Kcal/m/sec 
<1.2 <83 - Fires can generally be attacked 
at the head or flanks by persons 
using hand tools. 
- Handline should hold the fire. 
1.2 - 2.4 83 - 415 - Fires are too intense for direct 
attack on the head by persons 
using hand tools. 
- Handline can not be relied on to 
hold fire. 
- Equipment such as dozers, 
pumpers, and retardant aircraft 
can be effective. 
2.4 - 3-4 415 - 830 - Fires may present serious control 
problems-torching out, crowning, 
and spotting. 
- Control efforts at the fire head 
will probably be ineffective. 
>3.4 > 830 - Crowning, spotting, and major 
fire runs are probable. 
- Control efforts at head of fire 
are ineffective. 
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At fireline intensities of 415 Kcal/m/sec and flame lengths of 
2.4 m (lines parallel to the x axis in Figures 4 and 5), direct attack 
becomes ineffective and spotting begins to be a problem. Figures 4 and 
5 show that for windspeeds over 8 and 10 Km/h in LUBRECHT and CHAMPION, 
respectively, uneven-aged cutting with no slash treatment would have 
created fire behavior potential far beyond the control limit of direct 
attack methods. 
OBJECTIVE TWO: usefulness of prescribed understory burning for 
hazard reduction in uneven-aged managed stands. The average 
measurements of post-treatment small diameter fuel, litter, and fuel bed 
depth are summarized in Table 4. The statistics and results of the 
one-way ANOVA for the fuel measurements by treatment on each site are 
given in Table 5. 
In LUBRECHT, the ANOVA for the total weight of small diameter fuel 
(0-7.6 cm) was not significant at the 5% significance level, suggesting 
that the treatments did not differ. The same was also true for the 
100-hr TL fuel and fuel bed depth. However, the mean weights of fine 
fuel (1- and 10-hr TL) and litter were significantly different among 
treatments. Indeed, as shown by multiple comparisons of the means, the 
BURNED unit had significantly lower amounts of post-treatment fine fuels 
and litter than the CONTROL and UNBURNED units. 
In CHAMPION, the difference in the degrees of freedom (df) reflects 
the difficulties we had in maintaining a uniform design between sites 
(Table 5). The east part of the UNBURNED unit was used as a landing by 
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L U B R E C H T  C H A M P I O N  
PARAMETER 
CONTROL UNBURNED BURNED CONTROL UNBURNED BURNED 
metric tons / hectare 
1 HR TL 0.57 ± 0.17 0.46 ± 0.10 0.16 ± 0.06 0.16 ± 0.03 0.22 ± 0.05 0.06 ± 0.02 
10 HR TL 3.04 ± 1.06 2.73 ± 0.76 1.54 ± 0.62 1.66 ± 0.74 2.16 ± 0.77 1.96 ± 0.72 
100 HR TL 2.86 ± 1.14 3.67 ± 0.88 3.82 ± 1.27 2.17 + 0.88 2.54 ± 1.02 1.70 ± 0.59 
TOTAL 6.47 ± 1.89 6.86 ± 1.50 5.52 ± 1.55 3.99 ± 1.11 4.92 ± 1.20 3.72 ± 1.11 
LITTER 3.32 ± 1.00 4.67 ± 1.93 1.89 ± 0.90 3.81 ± 1.05 4.60 ± 1.29 1.29 ± 0.62 
centimeters 
FUEL BED 
DEPTH 1.56 ± 0.78 1.45 ± 0.50 1.06 ± 0.75 0.99 + 1.16 0.37 ± 0.27 0.28 ± 0.24 
Table 4. Post-treatment measurements for small fuels are shown at the 95 percent confidence level. 
Table 5. One-way ANOVA and associated statistics for small fuel by site. 
Source df MS F Significance 
LUBRECHT 
1 hr TL FUEL 
treatm. 2 1.3297 12.654 .0000 
error 87 .1051 
10 hr TL FUEL 
treatm. 2 18.7394 3.785 .0265 
error 87 4.9510 
100 hr TL FUEL 
treatm. 2 8.0753 .916 .4039 
error 87 8.8147 
TOTAL 
treatm. 2 14.1120 .717 .4913 
error 87 19.6934 
LITTER 
treatm. 2 58.1168 4.380 .0154 
error 87 13.2688 
FUEL BED DEPTH 
treatm. 2 2.1116 .614 .5433 
error 87 3-4365 
CHAMPION 
1 hr TL FUEL 
treatm. 2 .1832 23.487 .0000 
error 79 .0078 
10 hr TL FUEL 
treatm. 2 1.6372 .509 .5800 
error 79 3.2137 
100 hr TL FUEL 
treatm. 2 4.6004 1.065 .3508 
error 79 4.3195 
TOTAL 
treatm. 2 9.7125 1.148 .3227 
error 79 8.4615 
LITTER 
treatm. 2 81.4269 13.213 .0000 
error 79 6.1626 
FUEL BED DEPTH 
treatm. 2 2.7188 .736 .4500 
error 79 3.6961 
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the logging crew; and this had resulted in a higher amount of small 
diameter fuel in the UNBURNED unit. Thus, eight sample plots located in 
the landing had to be eliminated from the total of thirty plots in the 
UNBURNED unit, in order to correct this unintentional bias in the 
computations and analysis. The ANOVAs for CHAMPION showed similar 
trends with the LUBRECHT site, except the 10-hr TL fuel ANOVA. In 
CHAMPION, the treatments did not significantly differ for the 10-hr TL 
fuel, mainly as a result of low fuel consumption in this size class on 
the BURNED unit. 
Although statistics were an important means of evaluating objective 
two, conversion of the woody fuel data into fire behavior variables also 
assisted in comparing the performance of prescribed burning treatment to 
the other two study treatments (control and whole-tree utilization). 
Rate of spread (Figure 6), fireline intensity (Figure 7), and flame 
length (Figure 8) were estimated using the post-treatment inventoried 
fuel data as inputs to the BEHAVE system. The predictions showed that 
fire behavior potential was at minimal levels and well within the limit 
of manual attack methods (Table 3) for all three study treatments. 
Small diameter fuel consumption is the primary target for hazard 
reduction in prescribed burning. Martin et al. (1979) summarized fuel 
consumption from over two hundred prescribed fires throughout the 
Northwest. They found that consumption of the 1- and 10-hr TL woody 
fuel was usually very high - averaged 80 to 90 percent. Consumption of 
the 100-hr TL fuel was never complete but averaged about 70 percent. 
Norum (1977) concluded that consumption of 1-, 10-, and 100-hr TL woody 
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Figure 6. Predicted rate of spread for post-treatment fuel. 
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Figure 7. Predicted fireline intensity for post-treatment fuel. 
37 
LUBRECHT EXPERIMENTAL FOREST 
0.4 
X 
I— 
o 
MIDFLAME WINDSPEED (Km/h) 
CHAMPION TIMBERLANDS 
Treatment 
C O N T R O L  
U N B U R N  
B U R N  
Treatment 
C O N T R O L  
U N B U R N  
B U R N  
MIDFLAME WINDSPEED (Km/h) 
Figure 8. Predicted flame length for post-treatment fuel. 
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fuel was strongly correlated to preburn loading of these fuels, and 
moisture content. Generally, high percentage consumption can be 
expected for 0 to 7.6 cm preburn loadings greater than about 20 metric 
tons/ha, and variable but less than 50 percent consumption for loadings 
less than 20 metric tons/ha (Brown et al. 1985). 
For the present study, preburn and postburn measurements as well as 
percentage consumption are shown in Table 6. Total amount of woody fuel 
less than 7.6 cm in diameter was reduced from 8.35 to 5.52 metric 
tons/ha (34%) for LUBRECHT, and from 5.21 to 3.72 metric tons/ha (28%) 
for CHAMPION. Sackett (1980) found the consumption of these fuels to be 
44 percent in two case prescribed fires on natural ponderosa pine fuels. 
Steele (1980) reported 36 percent of 0 to 7.6 cm in diameter woody fuels 
following an understory burning at Lubrecht. 
Litter, which causes much of the dynamic fire behavior in these 
ponderosa pine forests, was reduced the most (69 percent in both study 
sites). Also, surface fuel was reduced from an average depth of 3.68 to 
1.06 cm (71%) in LUBRECHT and from 1.80 to 0.28 cm (84%) in CHAMPION. 
The two-way ANOVAs for the preburn and postburn fuel measurements 
of Table 6 were all significant at the 5% significance level, suggesting 
statistically discernible reductions of woody fuel loadings, litter, and 
fuel bed depth. 
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PARAMETER 
L U B R E C H 
BEFORE FIRE AFTER FIRE 
T 
^CONSUMPTION 
C H A M P I 0 
BEFORE FIRE AFTER FIRE 
N 
^CONSUMPTION 
metric tons / hectare metric tons / hectare 
1 HR TL 0.45 0.16 64 0.24 0.06 75 
10 HR TL 2.83 1.54 46 2.73 1.96 28 
100 HR TL 5.07 3.82 25 2.24 1.70 24 
TOTAL 8.35 5.52 34 5.21 3.72 28 
LITTER 6.18 1.89 
centimeters 
69 4.21 1.29 
centimeters 
69 
FUEL BED 
DEPTH 3.68 1.06 71 1.80 0.28 84 
Table 6. Prefire and post-fire measurements, and percent consumption for small fuels. 
Site Preparation 
OBJECTIVE THREE: effectiveness of selection systems and understory 
burning in preparing a receptive seedbed for natural regeneration. 
Post-treatment large fuel loads, duff depths, and mineral soil exposures 
are shown by study site and treatment in Table 7. These measurements 
would have been used to evaluate site preparation. However, a problem 
in estimating the loadings of large woody fuel was the great nvimber of 
plots with either no large fuel or big individual pieces. This resulted 
in a large sample variance. The variation was so great (Table 7) that 
the means were not discernibly different at the 5% significance level. 
Therefore, large fuel was not used to evaluate site preparation. 
In both sites, the ANOVAs for the duff depth and percentage mineral 
soil exposure were significant at the 5% level (Table 8). Multiple 
comparisons of the means showed that duff depth of the CONTROL was 
significantly greater than the UNBURNED and BURNED duff depths in both 
study sites. UNBURNED - BURNED mean duff depths were a homogeneous 
subset of groups in the Tukey-HSD multiple range test. 
Percentage mineral soil exposure of the BURNED unit was 
significantly greater than the CONTROL and UNBURNED ones, in LUBRECHT. 
The CONTROL - UNBURNED units represented a homogeneous subset. For 
CHAMPION, however, the percentage of exposed soil of the BURNED unit was 
significantly greater than the exposed soil of the CONTROL unit only. 
CONTROL - UNBURNED, and UNBURNED - BURNED mean mineral soil exposures 
represented two homogeneous subsets of groups, respectively. 
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L U B R E C H T  C H A M P I O N  
PARAMETER 
CONTROL UNBURNED BURNED CONTROL UNBURNED BURNED 
metric tons / hectare 
1000 HR TL 0 1.40 ± 2.36 0.55 ± 0.55 0 0.37 ± 0.42 0.29 ± 0.42 
(sound) 
1000 HR TL 24.14 +39.53 5.09 ± 4.55 0.27 + 0.28 2.80 ± 1.75 3.02 ± 2.88 0.95 ± 1.42 
(rotten) 
centimeters 
DUFF DEPTH 4.39 ± 0.86 2.97 ± 0.75 3.04 ± 0.63 4.07 ± 0.81 2.92 ± 0.72 1.86 ± 0.42 
percentage 
MINERAL SOIL 
EXPOSURE 0.40 ± 0.80 2.70 ± 2.10 14.10 ± 8.00 0.60 ± 1.30 6.70 ± 4.20 9.80 ± 7.30 
Table 7. Post-treatment measurements for large fuels, duff depth, and mineral soil exposure are 
shown at the 95 percent confidence level. 
Table 8. One-way ANOVA and associated statistics for duff depth and 
mineral soil exposure by site. 
Source df MS F Significance 
LUBRECHT 
DUFF DEPTH 
treatm. 2 19.2598 4.704 .0115 
error 87 4.0946 
MINERAL SOIL EXPOSURE 
treatm. 2 1604.0225 9.639 .0002 
error 87 166.4156 
CHAMPION 
DUFF DEPTH 
treatm. 2 36.5095 11.324 .0000 
error 87 3-2242 
MINERAL SOIL EXPOSURE 
treatm. 2 651.1198 3-725 .0280 
error 87 174.7877 
Table 9 summarizes the mean preburn and postburn large fuel 
loadings, duff depths, and mineral soil exposures. Percentage reduction 
for large fuel and duff depth are also shown in Table 9. 
Large sound woody fuel was reduced by 71 and 17 percent in LUBRECHT 
and CHAMPION, respectively. Percent reduction of large rotten material 
was 94 in LUBRECHT and 65 in CHAMPION. Unfortunately, high variability 
prevented detection of discernible differences in the large fuel. High 
variability is not only attributed to the sampling problem, but also to 
many other factors that influence consumption of large fuels. Of these 
factors, moisture content is by far the most important factor on an area 
basis (Brown et al. 1985). In general, where rotten logs were totally 
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L U B R E C H T  C H A M P I O N  
PARAMETER 
BEFORE FIRE AFTER FIRE ^CONSUMPTION BEFORE FIRE AFTER FIRE ^CONSUMPTION 
1000 HR TL 
(sound) 
1000 HR TL 
(rotten) 
DUFF DEPTH 
MINERAL SOIL 
EXPOSURE 
metric tons / hectare 
1.88 0.55 
4.56 0.27 
centimeters 
3.56 3.04 
percentage 
9.70 14.10 
71 
94 
15 
metric tons / hectare 
0.35 0.29 
2.71 0.95 
centimeters 
2.74 1.86 
percentage 
4.50 9.80 
17 
65 
32 
Table 9. Prefire and post-fire measurements, and percent consumption for large fuels and duff depth 
are shown. Prefire and post-fire mineral soil exposure are also shown. 
consumed, fine fuels and duff under and close to those rotten fuels were 
also consumed to mineral soil. 
Mean duff depth was reduced from 3*56 to 3.04 cm (15%) in LUBRECHT, 
and from 2.74 to 1.86 cm (32%) in CHAMPION. Norum (1977) and Shearer 
(1975) presented prediction algorithms for percent duff depth reduction 
based on the lower one-half duff moisture content. The two algorithms 
overpredicted duff depth reduction by 25 percent in LUBRECHT and 18 
percent in CHAMPION. Deviations from predicted values are primarily 
attributed to variation in duff moisture content. 
The greatest duff reduction occurred around the bases of large 
trees and under totally consumed rotten logs. In these cases, the fire 
consumed almost 100 percent of the duff down to mineral soil. Reduction 
of duff depth was statistically significant at the 5% level in both 
study sites. 
Mineral soil, which averaged 9.7 percent prior to the burning, was 
exposed on 14.1 percent of the LUBRECHT unit after burning. In 
CHAMPION, exposure of mineral soil was 4.5 percent before and 9.8 
percent after burning. Increase of exposed soil was also statistically 
significant in both sites. 
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Mortality 
OBJECTIVE FOUR: effectiveness of understory burning for killing 
unwanted understory species (Douglas-fir) without damaging the large 
overstory species (ponderosa pine and western larch). Table 10 shows 
the number of stems per hectare of understory ponderosa pine and 
Douglas-fir by height class for the two study sites. The losses of 
ponderosa pine ranged by height classes and sites from 33 to 96 percent. 
Douglas-fir losses ranged from 97 to 100 percent. 
Table 10. Prefire and post-fire understory density by height class in 
stems per hectare is shown for ponderosa pine (PP) and Douglas 
-fir (DF). Percent loss is also shown. 
SPECIES 
HEIGHT 
CLASS 
(m) 
LUBRECHT 
BEFORE AFTER JLOSS 
CHAMPION 
BEFORE AFTER JtLOSS 
PP 0.0 - 0.3 — — 4473 371 92 
0.3 - 0.9 371 49 87 1334 49 96 
0.9 - 3.0 272 25 91 222 148 33 
Total 643 74 88 6029 568 90 
1 1 1 
0.0 - 0.3 6252 49 99 222 0 100 
0.3 - 0.9 3336 99 97 50 0 100 
0.9 - 3.0 74 0 100 — — 
Total 9662 148 98 272 0 100 
Table 11 summarizes the number of stems per hectare of understory 
ponderosa pine and Douglas-fir by diameter class for the two study 
sites. Loss of ponderosa pine ranged from 0 to 92 percent, while 
Douglas-fir losses ranged from 98 to 100 percent. 
Generally, Douglas-fir seedlings were eliminated from the study 
area. Losses of ponderosa pine seedlings were also substantial, but a 
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few saplings and seedlings did survive the fires. 
Table 11. Prefire and post-fire understory density by diameter class in 
stems per hectare is shown for ponderosa pine (PP) and Douglas 
-fir (DF). Percent loss is also shown. 
DIAMETER LUBRECHT CHAMPION 
SPECIES CLASS 
(cm) BEFORE AFTER *L0SS BEFORE AFTER %LOSS 
PP 0.0 - 2.5 420 49 88 5881 445 92 
2.5 - 5.0 223 25 89 74 49 34 
5.0 - 7.5 — — 74 74 0 
Total 643 74 88 6029 568 90 
DF 0.0 - 2.5 9662 148 98 272 0 100 
2.5 - 5.0 — — — — — — 
5.0 - 7.5 — — - - — — — 
Total 9662 148 98 272 0 100 
A 100-percent tally of all trees (live and dead) over 3 meters in 
height and percentage of dead trees are shown in Table 12. Mortality of 
overstory trees was 8.8 and 6.5 percent, respectively, in LUBRECHT and 
CHAMPION. 
Table 12. Alive and dead trees over 3 n in height, and percent mortality 
are shown by study site. A 95-percent confidence interval for 
the percentage of dead trees is also shown. 
LUBRECHT CHAMPION 
Alive Dead %Dead Alive Dead /SDead 
779 
00 • 
00 in t-
562 39 6.5 
tt = 8.8 + 1.9 tt = 6.5 ± 2.0 
A 95-percent confidence interval for the percentage of dead trees 
is also presented in Table 12. According to this interval, the null 
hypothesis (IT =0) was rejected, because zero fell outside of the 
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confidence interval. In other words, mortality of trees over 3 m in 
height was statistically significant at the 5% level. However, 
mortality was confined to smaller trees (less than 12 cm in d.b.h.) and 
a couple of hot burned spots. 
Documentation of the Prescribed Fires 
Fire can be used in ponderosa pine stands under a wide range of 
fuel and weather conditions depending on the objectives of the burn. 
Normally, prescribed burning parameters are stated as a range of 
conditions rather than a specific set of conditions. 
Neuenschwander (1978) reported optimum burning conditions in open 
ponderosa pine stands with light fuels to be 15 to 21° C temperature, 
25 to 40% relative humidity, 6 to 8 Km/h of wind in the stand, and a 
10-hr timelag fuel moisture of 7 to 10%. 
Guidelines were also prepared by van Wagtendonk (1974) for 
prescribed burning under standing timber in forests where ponderosa pine 
was dominant. He recommended air temperature of -7 to 29° C, relative 
humidity of 20-64%, windspeed of 0-16 Km/h, and 10-hr timelag moisture 
sticks of 9-17% and 9-14%, respectively, in north and south aspects. 
The weather conditions, fuel moisture contents, and fire behavior 
observations for our study burns are summarized in Table 13. The two 
prescribed burnings were conducted at air temperatures of 15-18° C, 
midflame windspeeds of 0-9 Km/h, and relative humidity of 35-42%. 
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Table 13' Weather, moisture contents, and fire behavior during the two 
prescribed burns. 
PARAMETER LUBRECHT CHAMPION 
Air temperature, °C 
Relative humidity, % 
Midflame windspeed, Km/h 
Standard fuel moisture sticks, % 
0 - 9  
15 
15 
42 
18 
35 
0 - 5  
1-hr TL fuel moisture, % 
10-hr TL fuel moisture, % 
Litter moisture, % 
Average duff moisture (lower half), % 
13 
15 
14 
102 
11 
14 
13 
88 
Flame length, m 
Fireline intensity, Kcal/m/sec 
0.5 
14 
0.5 
14 
CHAMPION' S  burning was done under slightly drier conditions than 
the LUBRECHT one, but fuel loading in CHAMPION was also lower. The 
flames averaged 0.5 m in length for both sites, with occasional ones 
reaching as high as 1.5 m. Average fireline intensity was estimated 
- using the inverse of Byram's (1959) formula - to be 14 Kcal/m/sec. 
Ground char ratings by sample plot are shown in the appendix. In 
LUBRECHT, an average of 27% of the unit was unburned, 66% lightly 
charred, 6.5% moderately charred, and 0.5% deeply charred. In CHAMPION, 
21% was unburned, 71% lightly charred, 6% moderately charred, and 2% 
deeply charred. According to these ground char ratings, both prescribed 
burns were classified in the light ground char class (Ryan and Noste 
1985). In future studies, regeneration establishment and fire effects 
on understory vegetation could be related to ground char. 
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SUMMARY AND CONCLUSIONS 
Prescribed burning was conducted under standing timber in two 
stands where ponderosa pine was a serai dominant. The purpose of the 
burnings was to study the effects of low intensity prescribed fires on 
hazard reduction, site preparation, and tree mortality of uneven-aged 
managed forests. The study also provided the opportunity to determine 
the effects of uneven-aged silviculture on fire hazards. 
Burning followed the individual-tree selection cutting and 
whole-tree utilization of an uneven-aged silvicultural prescription, 
which was developed for two stands in the Lubrecht Experimental Forest 
and a Champion Timberlands area, respectively. 
Prescribed burning following the full-tree utilization proved to 
have no significant effect on fire hazard reduction. There was no 
significant difference in fire behavior potential between the burned and 
unburned areas. In addition, whole-tree utilization, which was used as 
a fuel management treatment, almost maintained the fire behavior in the 
levels of the untreated natural stand. In all three cases (natural, 
unburned, and burned stands), predicted fire behavior was minimal and 
well within the limits of manual attack methods. 
However, uneven-aged cutting without any fuel treatment showed 
substantial fire behavior potential. Predicted flames were as high as 
4 meters in length, and fire would spread with a rate of 30 meters per 
minute. In similar situations, not only are manual attack methods 
ineffective and impossible, but also crowning, spotting, and major fire 
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runs are entirely within the realm of possibility. 
Residual duff depth was not significantly different between the 
burned and the unburned stands. Also, mineral soil exposure of the 
burned stand was significantly greater than the unburned stand in only 
one of our study sites. However, removal of the litter fuels, which was 
significantly greater in the burned stands, does also contribute to a 
favorable environment for seedling establishment. 
In addition, a number of other factors beyond the scope of our 
study - such as nutrient availability, soil temperature, and soil 
moisture - contribute to the successful germination, establishment, and 
survival of natural regeneration (Sackett 1984). Therefore, we believe 
that fire did prepare a receptive seedbed for natural regeneration of 
intolerant tree species, by leaving less litter, exposing more mineral 
soil, releasing nutrients, warming the soil surface, and improving 
moisture relations in the burned area. Although the seedbed is 
anticipated to remain receptive for 1 to 4 years, natural regeneration 
is reasonably more assured if the prescribed fire is timed with a good 
seed crop. 
Species manipulation was a major objective accomplished with the 
burn. Fire succeeded in killing 98 to 100 percent of Douglas-fir 
regeneration. However, 88 to 90 percent of ponderosa pines less than 
5 cm in diameter were also killed by the fire. Ameliorated seedbeds 
created by the fire and availability of seed source will probably 
counteract this ponderosa pine mortality. 
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Fire killed fewer than 10 percent of the overstory trees (taller 
than 3 meters). Mortality was statistically significant at the 5 
percent level. Loss of wood volume, however, was insignificant since 
this mortality was confined to smaller trees in d.b.h. In addition, the 
record drought of the summer (June-July) of 1985 probably increased tree 
mortality from fire. 
Prescribed burning under standing timber in ponderosa pine in 
western Montana can be done safely and effectively. Nevertheless, it is 
not possible to define a strict burning prescription for this type of 
burn because it actually depends on factors such as fuel and stand 
characteristics, and burn objectives. For example, ideal burning 
conditions may be achieved with cooperating factors of low fuel loads 
with flammable weather conditions or high fuel loads with low flammable 
weather conditions (Neuenschwander 1978). Therefore, the following 
burning conditions are deemed suitable and are given as a guide for 
sites of similar characteristics to those studied and scheduled for 
prescribed underburning: 
Air temperature 
Relative humidity 
Midflame windspeed 
1-hr TL fuel moisture 
10-hr T1 fuel moisture 
Duff moisture (lower half) 
Ignition pattern 
1 predicted duff reduction is 40-60 percent (Norum 1977, Shearer 
10 - 21° C 
30 - 50 percent 
0-15 Km/h 
6-12 percent 
8-14 percent 
75 - 100 percent1 
Strip head fires, at 5 meters intervals. 
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In conclusion, we believe that full-tree utilization is effective 
if the objective is solely wildfire hazard reduction. However, 
understory species manipulation is best accomplished with prescribed 
fire. Furthermore, site preparation with prescribed burning needs 
additional research. Lastly, a fuel management treatment is essential 
for wildfire hazard reduction in uneven-aged managed ponderosa pine 
stands. 
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APPENDIX 
Table 1. Ground Char Ratings. 
LUBRECHT CHAMPION 
PLOT# 
Unburned Light Moderate Deep Unburned Light Moderate 
1 
£ 
. 
<D
 
- Percent 
1 38 62 11 89 
2 7 81 12 19 78 2 — —  
3 29 71 -- 24 76 — —  
4 100 — — - - 7 92 1 
5 86 14 — 28 72 —  —  
6 8 91 1 38 62 — —  
7 — 75 25 5 95 — —  
8 16 83 1 60 40 — 
9 85 15 — 1 83 16 
10 40 60 — 29 68 3 — —  
11 4 96 -- 7 70 11 12 
12 8 91 1 15 84 1 — — 
13 2 88 10 7 93 - -
14 2 94 3 1 68 32 
15 — 40 58 2 50 46 4 — — 
16 1 97 2 — — 69 27 4 
17 41 52 7 — 2 93 5 
18 94 6 -- — 94 6 
19 3 93 4 — 91 9 
20 4 95 1 — 2 91 5 2 
21 10 90 — — 7 93 ~ 
22 — 50 50 — 8 83 9 
23 1 99 — — 1 89 10 
24 45 45 8 2 9 87 3 1 
25 2 96 2 6 86 3 5 
26 12 88 -- — 69 28 3 
27 31 67 2 — 38 55 5 2 
28 42 54 2 2 1 67 30 2 
29 10 81 7 2 — 63 14 23 
30 100 — —  — —  2 97 1 
Average 27 66 6.5 0.5 21 71 6 2 
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Map 1. Lubrecht Experimental Forest - Treatment Units Layout and Sample Plots Location. 
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